Utility of aromatic extracts as fluid for preparation of calcium complex greases was investigated. The physicochemical properties of three grades of these extracts were initially studied. The rheological behavior (viscosity, shear stress and shear rate) of the individual aromatic extracts, and the obtained greases from those extracts at different temperatures were also illustrated. The rheological properties of both aromatic extracts and all lubricating greases were properly fit with the mathematical model of Herschel-Bulkley. Moreover, the flow behavior of the aromatic extracts as well as the corresponding lubricating greases was non-Newtonian. The study exhibited promising results concerning the thermal, mechanical and rheological properties for the prepared greases. Hence, in this work the by-product aromatic extracts act as a good alternative fluid for calcium complex lubricating greases.
Introduction
Greases are normally given the first consideration for application in ball and roller bearings in electric motors, automotive wheel bearings, and machine tools.
They are also used for the lubrication of small gear drives and for many slow-speed sliding applications (1) . However, chemistry of lubricating grease is quite complex, it has already been provided in the NLGI Lubricating Grease Guide (2) . Basically, grease contains at least two components, base fluid and thickener agent. Typical multipurpose grease contains about 60-95% base fluid, 5-25% thickener and 0-10% other ingredients providing special properties (3) . Such ingredients are corrosion and rust inhibitors, antioxidants, colour stabilizers, viscosity improvers and wear preventers (4, 5) . The base fluids can be divided into two main groups; mineral oils and synthetic oils. Mineral oils are the employed fluids in the manufacture of the great bulk of lubricating greases due to their availability and low cost (1) . Recently, the search for alternative sources of base stocks for lubricants has gathered momentum in recent years (12, 13) . Aromatic extracts which are by-products in the refining of lubricating oil basestocks and waxes will be suggested as an alternative oily component in lubricating greases. This approach would appear to be of great economic and strategic standpoints. Accordingly, the current study is concerned with the determination of the properties of subjected aromatic extracts and their feasibilities for preparation of calcium complex lubricating greases. 
2-Grease preparation and evaluation.
Seven types of calcium complex greases G1, G2, G3, G4, G5, G6 and G7 were prepared according to a procedure described elsewhere (8, 11, 14) . Briefly, the procedure . Rheological properties of both aromatic extracts and the prepared grease samples were determined at different temperatures using a programmable
Brookfield rheometer model LV DV-III ULTRA (spindle SC4-18). The corresponding shear rate and shear stress were recorded every 2 minutes.
Kinematic viscosity was measured at 40
o C and 100 o C using capillary viscometers (ASTM D445).
Results and discussion
The physicochemical properties of three grades of aromatic extracts [light (AE1), medium (AE2) and heavy (AE3)] are listed in Table 1 Table 1 , show also that the percentages of aromatic carbons are 22.9, 24.1 and 25.0 for AE1, AE2 and AE3, respectively. Meanwhile, the paraffinic carbon portions (%Cp) of the molecules constitute higher percentages of 66.0 (AE3), 64.2 (AE2) and 61.0 (AE1).
The naphthenic carbon contents (%CN) of the molecules are negligible. This difference in their constituents leads to the possibility of producing different grades of greases from aromatic extracts. However, many other factors must be taken into consideration to make sure that the aromatic extracts continue to lubricate properly over a long period. The most important of these factors are: the flow properties under shearing rates at different temperatures. - 256  314  330  337  344  350  356  364  371  380  396  409  430   244  334  350  371  384  391  399  405  412  420  431  439  454   327  392  404  415  425  432  437  444  450  457  467  475  492 D.1160
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The rheological behaviour (viscosity, shear stress and shear rate) of AE1, AE2 and AE3 has been determined at 40, 60, 80 and 100 o C. As can be shown in Figure 1 , viscosity decreases with increasing shear rates. The decrease in viscosity is much more apparent at low shear rate, but at high shear rate, viscosity leveling off is observed. This shear-thinning behavior is commonly known as pseudo-plastic behavior (12) . It may be explained that the shear applied in aromatic extract compounds breaks down rapidly the internal structure within the bulk, and is temperature dependent. Also, the increase in temperature tends to increase molecular motion and consequently reduce attractive forces exhibited in solution. It is also observed that the flow behaviour of these aromatic extracts is non Newtonian. The rheological properties of these extracts are well fit with the mathematical model of Herschel-Bulkley 
Evaluation of the prepared calcium complex greases from aromatic extracts
Seven samples of calcium complex greases were prepared as described in the experimental section. Three prepared samples based on individual aromatic extracts (G1, G2 and G3) and the other four samples based on mixed aromatic extracts (G4, G5, G6 and G7) shown in Tables (3 and 4 Particularly, the G6 type which contains a mixture of 40% of each AE2 and AE3 is the better formulated calcium complex grease. This is certainly attributed to the type of aromatic extracts (AE2 and AE3) which have a great compatibility with soap texture resulting in improving the grease backbone as well as the thermal and mechanical stabilities. 
4 STUDY AND EVALUATION OF AROMATIC EXTRACTS …

Rheological properties of the prepared calcium complex greases
The rheological properties (viscosity, shear stress and shear rate) of the synthesized greases G1, G2, G3, G4, G5, G6 and G7 are studied at 90, 110, 130 and 150 o C. A linear relationship between shear stress and shear rate for all samples at different temperatures is observed. Investigation of apparent viscosity-shear rate relationship at the same previous temperatures for all samples of greases displays two distinct flow regions. The first region at low shear rate from 0.5 to 2.0s -1 reveals that the apparent viscosities decrease with increasing temperature. This indicates that the rheological flow (deformation) of the studied grease is temperature dependent. But the flow curves at high shear rates 2.5 to 7.0 s -1 show steady portion in the second region. This implies that all grease samples exhibit independence of temperature after shear rate of 2.5s -1 . It can be also seen that the apparent viscosities of these greases decrease in the following order: G6 > G3 > G7 > G2 > G4 > G1 at all 
